This experimental works is an attempt to investigate the performance of Copper electrode when EDM of Nickel Based Super Alloy, Inconel 718 at higher peak current and pulse duration. Peak current, I p and pulse duration (pulse on-time), t on are selected as the most important electrical pulse parameters. In addition, their influence on material removal rate (MRR), electrode wear rate (EWR), and surface roughness (Ra) are experimentally investigated. The ranges of 10 mm diameter of Copper electrode are used to EDM of Inconel 718. After the experiments, MRR, EWR, and Ra of the machined surfaces need to be measured in order to evaluate the performance of the EDM process. In order to obtain high MRR, higher peak current in range of 20A to 40A and pulse duration in range of 200µs to 400µs were used. Experimental results have shown that machining at a highest peak current used of 40A and the lowest pulse duration of 200μs used for the experiment yields the highest material removal rate (MRR) with value 34.94 mm 3 /min, whereas machining at a peak current of 20A and pulse duration of 400μs yields the lowest electrode wear rate (EWR) with value -0.0101 mm 3 /min. The lowest surface roughness (Ra) is 8.53 µm achieved at a lowest peak current used of 20A and pulse duration of 200μs.
INTRODUCTION
Nickel based super alloy, Inconel 718 is one of the most difficult-to-machine material which attributed to its ability to maintain hardness at elevated temperature and consequently it's very useful for hot working environment. Formation of complex shapes by this material along with reasonable speed and surface finish is not possible in traditional machining. This alloy is characteristically difficult to machine due to its poor thermal properties, high toughness, high hardness, and high work hardening rate. Usually, a nonconventional machining method like electrical discharge machining (EDM) is chosen for machining Inconel 718 in order to overcome such limitations. However, due to the great physical properties of Inconel 718, the cutting process for this material is become an issue in order to improve the speed of machining process. This alloy has attracted many researchers because of its increasing applicability and the machinability of aerospace alloys will continually decline as service demands increase 2 in order to satisfy the demand for higher temperature capability for structural engine alloys (Ezugwu, 2005; Rajesha et al. 2011) .
For several decades, EDM has been an important for manufacturing process. It has proved for the machining of super-tough, electrically conductive materials such as the aerospace materials that are difficult to machine by conventional methods (Tzeng, 2008) . The main influence to the machining in EDM will be determined by electrical parameters such a current, pulse duration and voltage, and material properties of work piece and electrode like the material's melting temperature, as well as its electrical and thermal conductivity (Lee and Li, 2001) .
Copper became the metallic electrode material of choice for EDM due to its high in electrical and thermal conductivity properties. Copper can produce very fine surface finishes, even without special polishing circuits (Kern, 2008) . Bharti et al. (2010) explained the machining characteristics of die-sinking EDM on Inconel 718 with copper as tool electrode. He found that the discharge current is the most influential input parameter on each performance measure. Discharge current and pulse-on-time are identified as common influencing parameters for MRR, Ra and EWR. According to Kuppan et al. (2008) , the MRR and Ra increases with the increase in peak current for EDM of Inconel 718. The effect of pulse duration is insignificant on MRR because long pulse duration can decrease the MRR. However, result from an experiment done by Kumar et al. (2011) when EDM of Inconel 718 shows that an Increase in pulse duration up to 750µs has improves MRR. The primary objective in EDM of materials is always having higher material removal rate (MRR) in order to improve the productivity. Thus, by using higher peak current and pulse duration in this experimental work, hopefully capable to increase the performance and productivity of EDM Inconel 718.
EXPERIMENTAL DETAILS
In this study, Nickel base super alloys, Inconel 718 were selected as the material for the work piece (specimens 40mm x 30mm x 10mm) and Copper as a tool electrode with diameter of 10mm. The experiments were carried out on a standard CNC EDM machine, Sodick AQ55L with positive electrode polarity. The EDM experimental conditions and parameters are summarized in Table 1 . Before experimentation, the work piece top surface was flattened using a surface grinding machine. The initial weight of the work piece and electrode was weighed using a 0.1mg accuracy digital weight balance. The work piece was held on the machine table using a fixture shown in Figure 1 . The time taken for machining and the weighed of work piece and electrode after machining are noted. All the gathered information from machining time, mass loss after machining process for both tool electrode and work piece were used to determine the values of MRR and EWR. The MRR and EWR were calculated using the Eq. (1) and (2). The surface finish was measured in terms of arithmetic mean roughness (Ra in μm). Ra was measured in the top of machining surface using Mitutoyo's surf test instrument SJ-400. In this research, a constant duty factor was used for the purpose of maintaining machining efficiency. The formula for duty factor is stated in Eq. (3). 
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RESULT AND DISCUSSION
Peak current and pulse duration against MRR.
The effect of peak current and pulse durations on the MRR is shown in Figure 2 . It is shown that the peak current affects the MRR significantly. An increased in peak current MRR increase for all setting of pulse duration. MRR increases with the increase in peak current due to the increases of the energy per pulse causes temperature raises sharply that leads to rapid melting of work piece material at sparking area. However, higher pulse duration decreased MRR for all peak current used. With a pulse duration longer than 200μs, the MRR start decreases because of the exceeding value of pulse interval. High ignition delay due to high pulse interval in each cycle reduces the machining rate at a constant machining efficiency (Hamid and Lajis, 2012) . The highest MRR is achieved at 40A of peak current and 200µs of pulse on with value approximately 34.94mm 3 /min. Table 2 shows the experimental results for EDM of Inconel 718 by using copper electrode. Peak current and pulse duration against EWR.
The effect of peak current and pulse durations on the EWR is shown in Figure 3 . The higher peak current resulting an increasing in EWR for constant pulse duration. High discharge current leads to high spark energy causes more material removal from work piece and tool electrode which in effect increases the EWR. EWR decrease when increasing of pulse duration for each of peak current used respectively. This is because of deposition of carbon on tool electrode at a high temperature for a longer pulse on time. The negative value for the lowest EWR is indicating that the electrode is deposited by the carbon is more compare to the wear of electrode. Longer pulse duration tends to increase the possibility of carbon deposition on the electrode surface, which function as wear resistant layer for copper electrode and helps to decrease the electrode tool wear. The lowest EWR is approximately -0.01mm 3 /min at 20A of peak current and 400µs of pulse duration. A dissolved metal from the work piece also revealed deposited on the copper electrode. This is proved by the EDS test as shown in Figure 4 . The increment in the electrode weight after machining can be explained with this deposition effect. The similar result also found by Kang and Kim (2003) . Figure 5 shows the effect of peak current and pulse durations on surface roughness of Inconel 718. Ra increases with the increase in discharge current and pulse duration. Figure 6 shows the differences in crater size for the lowest and highest Ra. When the discharge current is high, then the spark intensity are more, as a result, a larger crater depth on the surface of the work piece are produced, hence Ra is high. Pulse duration also strongly influences the Ra. An increase in pulse duration results in proportional increase in spark energy and consequently melting boundary becomes deeper and wider, and hence increases the roughness value (Patel et al. 2009 ). The lowest Ra with value of 8.53µm is achieved at a peak current of 20A and pulse duration of 200μs. 
CONCLUSION
Material removal rate is the most important performance measure in this study. In order to improve productivity in EDM machining of Inconel 718, the higher peak current and pulse duration up to 40A and 400µs respectively are used. The conclusion can be made the peak current is the most influence parameter for achieving high MRR while for pulse duration it shows insignifant for improving MRR when EDM of Inconel using Copper electrode. For electrode wear rate, the longer pulse duration used may improved the EWR but affect adversely when higher peak current used. For surface roughness, lowest peak current and the lowest pulse duration is suggested in order to achieve good surface finish.
